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Abstract
Background: Bronchopleural fistula (BPF) is a communication between the pleural space and the bronchial tree or lung paren-
chyma resulting in air leak in the chest tubes. Chronic BPF is a serious complication of several pulmonary and postoperative
conditions, as it carries a high morbidity and mortality and is associated with prolonged hospital stay and thus high resource
consumption. Till date surgical intervention has been the main stay of management of chronic BPF.
This study was carried out to assess the efficacy of surgical closure of the chronic BPF using vascularized tissue transfer into the
pleural cavity.
Patients and methods: 28 patients were operated upon primarily due to chronic BPF with or without empyema. All patients were
selected and subjected to surgical intervention using vascularized tissue transfer into the pleural cavity. The vascularized tissues had
been used were: Intercostal muscle flap, Latissmus dorsi muscle transposition, Omental flap, and Pericardial pad of fat.
Results: The mean hospital stay postoperatively was 4 ± 1 day. There was immediate or early stoppage of air leak after the
intervention in all patients. No patient had prolonged postoperative air leak (5 days). One patient required negative suction for 2
days to help stoppage of the leak. No patient required instillation of sealants through the tubes.
Conclusion: Once the BPF has developed, early recognition, drainage of the pleural space and control of the inflammatory process
are critical. Surgical closure of BPFs with proper vascularized tissues is an effective technique associated with low cost and lower
hospital stay.
Copyright © 2016, The Egyptian Society of Cardio-thoracic Surgery. Publishing services by Elsevier B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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BPF is a communication between the pleural space and the bronchial tree or lung parenchyma resulting in air leak
in the chest tubes. It might be divided into alveolopleural fistula (APF) or bronchopleural fistula (BPF). An APF is a
communication between the pulmonary parenchyma distal to a segmental bronchus and the pleural space, while a BPFE-mail address: dr_walideid2005@yahoo.com.
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for any air leak which failed to heal conservatively and progressed to chronicity. Chronic BPF is a serious compli-
cation of several pulmonary and postoperative conditions, as it carries a high morbidity and mortality and is associated
with prolonged hospital stay and thus high resource consumption. The treatment of BPF includes control of infection,
pleural space drainage, surgical interventions and bronchoscopic interventions. Till date surgical intervention has been
the main stay of management of chronic BPF (1e4).
This study was carried out to assess the efficacy of surgical closure of the chronic BPF using vascularized tissue
transfer into the pleural cavity.2. Patients and methods
This prospective randomized study was carried out in Abassia chest hospital and El-Hussein university hospital,
Cairo, Egypt in the time period from February, 2015 to April, 2016. 28 patients operated upon primarily due to chronic
BPF with or without empyema. All patients were selected and subjected to surgical intervention using vascularized
tissue transfer into the pleural cavity. Postoperative or non-operative etiologies were included in this study. The
classical clinical picture was a patient with pneumothorax on chest tube drainage showing varying bubbling during
respiratory cycle and failure of lung to expand despite adequate pleural cavity drainage and antibiotic therapy. Fifteen
patients had had associated stage 2 empyema on the time of intervention. The following steps were followed:
- All the relevant investigations including HRCT chest were carried out.
- Bronchoscopic examination of the bronchial tree
- Adequate preoperative drainage of the pleural cavity
- Preoperative planning and selection of the vascularized tissue which is suitable for transfer
- Intraoperative debridement and sterilization of the pleural cavity
- Closure of the BPF and coverage with the vascularized tissue
- Follow up of the case periodically.
Out of 28 patients, localization of the lesionwas successfully done using the bronchoscope in 17 patients with failure
to localize the site of bubbling during the procedure in the remaining patients. All our patients had chest thoracostomy
tube for drainage of air and associated empyema. The duration of drainage varied significantly from one patient to
another. After exploration, the site of fistulas with its necrotic edges was exposed (Fig. 1). The vascularized tissues had
been used were: Intercostal muscle flap, Latissmus dorsi muscle transposition, Omental flap, pericardial pad of fat.
Latissmus dorsi muscle was transposed into the pleural space in 5 patients. Those patients had an apicolateral BPFs
associated with empyema and post resection residual space (Fig. 2A&B). After marking the edges of the latissmus
dorsi, a longitudinal incision along the anterior border of the muscle was done followed by subcutaneous dissection, to
expose its anterior surface was performed. Separation of the latisssmus dorsi from the serratus anterior muscle fol-
lowed by cutting through its origin was done. Meticulous isolation of the vascular pedicle formed from thoracodorsalFig. 1. Chronic BPF with necrotic edges, intraoperative view.
Fig. 2. (A) postoperative apical residual space and BPF with chest tube inserted for 4 years (B) postoperative basal residual space with empyma and
chest tube inserted for 6 months (C) CT chest shows postoperative BPF (apical bullectomy) with residual space, no pleural peel has been observed.
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the chest through the bed of the corresponding rib with complete debridement of the pleural space (Fig. 3C&D). Avast
majority of our patients (17 patients) treated with intercostal muscle flap after sub-periosteal resection of the cor-
responding upper rib and cutting through the upper border of the lower rib. After localization of the site of the BPF,
closure of the fistula with polypropylene 4/0 sutures was performed and reinforced with intercostal pedicled muscle
flap (Fig. 3A&B).
The dissection of pericardial pad of fat started down at the diaphragm freeing the inferior most portion of the
pericardial fat from the diaphragm. Clipping or ligating the branches of the musculopherinc vessels was done. When
dissecting the posterior margin of the fat pad, protect the phrenic nerve. Dissection was continued anteriorly with a
Fig. 3. (A) Pedicled intercostal muscle flap, IMF (B) ruptured pulmonary sarcoidosis cyst before closure with IMF (C) completely dissected and
isolated right sided latismus dorsi muscle, LDM, with preservation of its vascular pedicle (D) longitudinal skin incision along the anterior border
of LDM (E) operative view for the anatomy of pericardial pad of fat (F) omental flap passed through the foramin of Morgagni to be directed
toward the pleural cavity.
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flap was needed, the dissection was continued to the level of the azygos vein entry into SVC on the right side or aortic
arch on the left side. The middle pericardial vessels were then divided. Attention was now turned to the deep aspect of
the fat to free it from the pericardium with care not to open the pericardium. Once the fat pad had been mobilized, it
was then rotated to cover the bronchial stump or suture line. Care was taken to avoid torsion of the flap with keeping
the smooth (mediastinal) surface up and the rough (pericardial) surface down. The fat pad was sutured to the stump
with interrupted 4/0 vicryl sutures (Fig. 3E).
Omental flaps were used mainly for postoperative basal residual space with empyma (Fig. 2C). After preparing
adequate length from the greater omentum, entering the chest cavity between the two sternal heads of the diaphragm
(foramin of Morgagni) was essential before directing it to the right or left side pleural cavity (Fig. 3F).3. Results
Twenty two patients were males and 6 patients were females. Nine patients had Type 2 diabetes mellitus, 3 had
hypertension and one had hypertension and coronary artery disease as comorbidities. The duration of persistent air
leak before deciding surgical intervention was varied significantly among our patients with a mean period of 5 ± 2.12
months. The longest period of air leak in our series was 5 years continuous chest tube drainage; it was in a 37 years
male patient undergone to surgery for bullectomy followed by other two surgical trials to close a residual BPF with a
failure of the fistula to close and the lung to re-expand to fill the thoracic cavity (residual space) (Fig. 2A&C). The
shortest period was on the 4th postoperative day after sleeve left upper lobectomy in a 31 years female with large
endobronchial carcinoid.
The mean hospital stay postoperatively was 4 ± 1 day. Ten patients had primary pleuropulmonary disease, 17
patients had postoperative BPF, and one patient had post-traumatic air leak (Table 1). There was immediate or early
Table 1
Type of tissue selected and number of patients.
Etiology Type of surgery Patients (Total no. 28)
Huge emphysematos bulla (Phantom cyst)
Emphysematos bullae
Intercostal muscle flap + pleural tent 3
Pericardial pad of fat 1
Ruptured cysts Intercostal muscle flap 2
Pulmonary resection
Early presentation Pericardial pad of fat 2
Intermed. presentation Intercostal muscle flap 3
Late presentation Latissmus muscle transfer 3
Intercostal muscle flap 2
Omental flap 1
Ruptured lung abscess Intercostal muscle flap 4
Blunt tracheal rupture during initial repair Intercostal muscle flap 1
Anastomotic leak after sleeve resection Intercostal muscle flap 2
Postpneumonectomy empyma with stamp leak Omental flap 2
Latissmus muscle transfer 2
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One patient required negative suction for 2 days to help stoppage of the leak. No patient required instillation of
sealants through the tubes. In patients having Latissmus dorsi muscle transposition, an apicolateral residual air space
(Table 2) was present as a postoperative complication of bullectomy operation. Latissmus dorsi muscle was cut in 2 of
them in the previous surgery, so diversion of the intact upper part was sufficient and effective. No postoperative
deformity or change in the external contour of the chest wall was detected as intact other muscles replace its function.
Omental flap was effective in BPF associated with empyema and residual basal pleural space after lower pulmonary
resection or inadequate decortication.
4. Discussion
The cause of chronic BPF in majority of our patients was postoperative air leaks. In most of the other studies,
pulmonary resection has been the commonest cause of chronic BPF [1]. The incidence of BPF ranges from 1.5 to 28%
after pneumonectomy and 0.5% after lobectomy [2]. On the other hand, BPFs occurred as a complication of pleu-
ropulmonary infections may develop at any point of time during the course of illness [1,2].
Bronchopleural fistulas remain a major complication after thoracic surgery [3]. Obviously, successful treatment of
chronic bronchopleural fistulas require aggressive control of infection, adequate drainage of the chest cavity, closure of
the fistula with vascularized tissue, and obliteration of the residual space. Despite the advances in technology, BPF is
still a management dilemma and often fatal, mortality remains as high as 15% [4]. The management guidelines being
not clear, there remains an option between surgical correction and endobronchial interventions with varying degrees of
success. Baumann and Strange [5] investigated the practice habits among clinicians treating spontaneous pneumo-
thorax and BPF using a randomized postal survey of 3000 American College of Chest Physicians members. They
found that significant differences exist between thoracic surgeons and pulmonologists approach to these problems,
including the management of BPF. Moreover, Lois and Noppen in 2005, after a study comparing bronchoscopic and
surgical outcomes for BPFs, concluded that further studies are required to establish the role of techniques and patient
selection for these procedures, as well as which technique or combination will be most valuable [4]. They admitted
that, there are no established guidelines in the proper management of patients with BPF or even a consensus on how to
approach the problem. Further research in these areas may shed light into the best therapy for this difficult problem.
Our policy is to repair all chronic BPFs with vascularized tissues. We prefer to surgically close and buttress post-
resection BPFs as early as the diagnosis confirmed as long as the presence of quite inspiratory air leak, i.e. presence of
sizable bronchial lesion. The friable lung tissue present in Emphysematus lung diseases makes the use of vascularized
tissue crucial for potent suture closure and reduction of the postoperative air leak. Choosing the type of vascularized
tissue to buttress the absorbable sutures closure of the fistulas was judged mainly according to presence or absence of
the infection and site of the fistula (Table 2). Pericardial pad of fat was usually efficient for closure of clean bronchial
stumps, while those were potentially infected closed simply with intercostal muscle flaps. Omental and chest wall
muscle flaps were applied for chronically infected fistulas. Puskas JD et al prefer to buttress all fistula repairs with
Table 2
Indications and disadvantages of different types vascularized tissues.
Use 1 Use 2 Disadvantages
Intercostal muscle flap Potentially infected stump Central/peripheral lesions
Basal/apical lesions
Remove rib
Postoperative pain
Pericardial pad of fat Clean stump Central lesions only Difficult handling fatty tissue
Week blood supply
Omental flap Severely infected stump Basal/central lesions 2 sessions/2 incision
Chest wall muscle transposition Infected stump Residual space Chest wall deformity
Loss of function
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chronically infected stump. The ability of omentum to induce angiogenesis and neovascularity may be its most
important property. A second important property of omentum is its ability to function in the presence of established
infection. It not only survives, but aids in the elimination of infection. This property is often demonstrated in the
omentum's natural role as “policeman of the abdomen.” Third, the bulk and amorphous shape of the omentum allow it
be intimately apposed to the bronchial stump and to fill any irregular cavity [6].
In a study by Sabanathan S et al., they reported the success rate of surgical closure of BPFs between 88% and 95%
with morbidity as low as 0% [7]. Surgical closure includes chronic open drainage, direct stump closure with intercostal
muscle reinforcement, omental flap, trans-sternal bronchial closure, and thoracoplasty with or without extrathoracic
chest wall muscle transposition. Since the introduction of video-assisted thoracoscopy, this technique has also been
used to treat BPF [4]. Closure of BPF through VATS may be performed using pleural or pericardial flaps and/or
application of glue. Multiple sealing compounds or devices have been applied directly to the fistula through the
bronchoscope. The potential success and the cost effect of this approach vary from one study to another, in addition, all
these studies are anecdotal or limited to a few patients, and there have been no controlled studies to determine which is
the most effective or safest [2,4]. Up to date, there are no controlled studies comparing the different sealants or
comparing surgical and endoscopic therapy. In general, the endoscopic procedure may be preferred in high-risk
surgical candidates to avoid the risk of anesthesia and surgery. However, BPF size appears to be an important fac-
tor in predicting outcome of the endoscopic procedure. BPFs >8 mm are not suitable for endoscopic management,
whereas those that are 1e3 mm in size have the highest success rate [4].
In our study, the wide availability of intercostal muscle flap throughout the thoracic cage make it suitable for lesions
located either central or peripheral, basal or apical lesions. Preservation of the posterior pedicle is mandatory to heal
the potentially infected stumps. Goyal VD et al recommended the use of pedicled intercostal muscle flap in closure of
chronic BPF as it is commonly associated with empyema or empyema develops subsequently if management of BPF is
delayed. In their study, use of intercostal muscle flaps was associated with favorable outcome because of the good
vascularity and autologous nature of the flap thereby increasing the chances of healing. On the other hand, lobectomy
or even pneumonectomy may be required in some cases with complete destruction of the underlying lobe or lung.
Thoracoplasty can be used in some cases where there is recurrence of BPF after muscle flap repair, but the procedure
leads to reduction of pulmonary function and chest wall deformity [8].
Pericardial pad of fat was used only in our study to close the clean central fistulas. In contrast, omental flap was
suitable for severely infected basal stumps either right or left after pass between the sternal heads of the diaphragm to
lie in the chest. Turk et al recommended a staged closure of complicated BPF. In the first stage, the chronically ill
patients undergo an Eloesser procedure for chest cavity drainage to help in control of infection. After an intervening
period, the patients undergo chest cavity obliteration with an omental flap. The intervening period between the two
procedures allows patients to continue aggressive nutritional and physical rehabilitation until they are able to tolerate a
second operation for chest cavity obliteration. In our study, closure of the fistulas with omental flaps was done in one
stage after adequate debridement the pleural cavity [9].
In the series by Sirbu et al, initial chest re-exploration was performed in 91% of the cases. After debridement, the
bronchial stump was reclosed by hand suture in only 45% of cases [10]. All patients with a post-lobectomy and sleeve
resection BPF necessitated additional surgery: the BPF was additionally covered with a vascularized flap in 91% of the
cases. In two patients (9%) because of poor overall condition, the initial treatment was endoscopic. In both cases, the
fistula persisted and the stump had to be surgically re-sutured.
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Once the BPF has developed, early recognition, drainage of the pleural space and control of the inflammatory
process are critical. Surgical closure of BPFs with proper vascularized tissues is an effective technique associated with
low cost and lower hospital stay.
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